Abstract : Patients who suffer from lateral medullary syndrome often show variable sensory symptoms, although these changing patterns of sensory disturbance are not well documented. To address this, neurological manifestations in 18 patients with lateral medullary syndrome were evaluated and the recovery patterns of sensory disturbance were assessed. The focus in the medulla oblongata responsible for the pathology in these patients was estimated from the neurological manifestations at onset and was compared with brain magnetic resonance imaging ( MRI) . Lesions were diagnosed clinically at the acute stage, and the presumed infarction areas were compared with the MRI for each patient with lateral medullary syndrome. Chronic sensory deficits were reviewed in each patient to detect the central area of infarction. Patients who suffered sensory disturbance in the ipsilateral face, contralateral body, and upper and lower limbs at the time of onset tended to have residual sensory deficit below the contralateral knee. Other patients who developed sensory disturbance of the contralateral face and body on initial examination showed persistent sensory deficit of the contralateral face and upper limbs. These patterns of sensory sequelae may be a result of the infarction area in relation to the central sensory conduction pathways and also from the arterial variations.
lesion, however the facial involvement of pain and thermal sensation may vary. Hayakawa classified this pattern of sensory impairment into 4 types5), although the patterns of sensory disturbance in lateral medullary syndrome during recovery remain ill-defined. In this study, the patterns of sensory improvement in a group of patients were described and correlated with the medullary lesion identified by magnetic resonance imaging ( MRI) .
Subjects and Methods
We evaluated the neurological manifestations in 18 patients (13 males and 5 females) with lateral medullary syndrome who were admitted to our hospital between 1984 and 1998. The patients ranged in age from 35 to 87 years and the mean age was 57 years. The responsible pathological focus in the medulla oblongata of these patients was estimated from the neurological manifestations at onset and was compared with brain MRI. Further, patterns of sensory impairment during recovery were classified and correlated with the medullary MRI findings. The follow-up period for sensory improvement ranged from 2 to 7 years (average 5 years).
Results
The clinical manifestations of the 18 patients are summarized in Table 1 . The most frequent neurological deficits were pain and thermal sense impairment (100% ) with other reported deficits occurring in the following order of descending frequency : Homer's syndrome (94%), vertigo (83%), ataxia (83%), dysphagia, dysarthria and nystagmus (56% each), nausea (50%), headache (38%), hoarseness and anhidrosis (33% each). Diplopia and a type of peripheral facial nerve palsy were both seen in 3 patients. Hayakawa5) classified 4 types of the patients with lateral medullary syndromes in accordance with facial pain/thermal impairment. Type 1 patient had pain/thermal impairment in the ipsilateral face, type 2 patient had the contralateral face, type 3 patient had the bilateral face, type 4 patient had no facial sensory involevement. Patients of all four types had pain/thermal impairment of contralateral body, upper and lower limbs. According to Hayakawa's classification, our 18 patients included 11 patients of type 1 (61%), 4 patients of type 2 (22%), 3 patients of type 4 (17%), and no type 3 patients. In the type 1 patients, the sensory deficits implicated a lesion involving the descending trigeminal spinal tract and its nucleus, and the spinothalamic tract. However, from consideration of the other neurological manifestations, the predicted lesion area was altered to that shown by the broken line in Fig. 1A . MR T2-weighted images of the type 1 patients showed a trapeziod-shaped area ( Fig. 2A) . The lesion predicted from the neurological deficits in the type 2 patients, is illustrated in Fig. 1 B (broken line defining the area) . MR imaging of a linear lesion in the type 2 cases is shown in Fig. 2B .
In this study, the patterns of sensory improvement in lateral medulllary syndrome patients showed several types. In the chronic stages of Hayakawa's type 1 patients, nine cases (patient 1-9) out of eleven showed persistent sensory deficit at the contralateral lower limbs, especially below the knee. One case (patient 10) showed sensory deficit of the ipsilateral face and contralateral distal lower limb. The remaining type 1 case showed no sensory change. In the Hayakawa's type 2 group, there were three patients (patients 12, 13, and 15) in whom the sensory disorder of their contralateral face and upper limbs did not show a consistent pattern of sensory improvement ( Table 2) . A. In Hayakawa's type 1 patients, the area surrounded by a broken line shows the lesion which was assumed from the neurological manifestations.
B. In Hayakawa's type 2 patients, the area surrounded by a broken line shows the lesion which was assumed from the neurological manifestations.
Discussion
Lateral medullary syndrome is characterized by various neurological symptoms and signs in accordance with the area of infarction. The frequencies of each diverse neurological manifestation reported in our patient group were similar to previous reports6,7). Classical lateral medullary syndrome is characterized by the pain-thermal sensory deficit of the contralateral trunk, upper and lower limbs with ipsilateral facial sensory deficit (Hayakawa's type 1), contralateral face (type 2) and bilateral face (type 3). Type 4 shows no facial sensory loss. In 1973, Wakayama et al analyzed the clinical manifestations of 213 patients with lateral medullary syndrome. The most frequently characterized clinical manifestation was type 1 (54%), followed by type 2 (25%), and types 3 and 4 accounted for 3 % and 9 %, respectively. Sensory description was absent in 9 % of patients. In the present series of 18 patients with lateral medullary syndrome, the most frequent clinical manifestation was A. The T2-weighted MR image of Hayakawa's type 1 patients showed a trapezoid-shaped lesion (arrow) in the medulla oblongata (TR4500,TE90). B. There was a linear shaped lesion (arrowhead) in the medulla oblongata of Hayakawa's type 2 patients (TR4500,TE90).
type 1 (64%), then type 2 (22%) and type 4 (17%). Type 3 was not seen. In Hayakawa's type 1 and type 2, the topographical lesions associated with the neurological manifestations were thought to correspond well to the abnormal, high intensity areas revealed by T2-weighted MRI. Type 1 patients showed trapezoid-shaped lesions and type 2 patients showed linear lesions at the level of the medulla oblongata in the MRI. Currier' classified the pathological lesion of lateral medullary syndrome into two major groups, the dorsal and ventral portions of the lateral medulla oblongata, and six subgroups. The six subgroups fall into Hayakawa's four categories except for one subgroup, which is characterized by a sensory deficit in the lower face8). Matsumoto et al9) divided the sensory deficit of the lateral medullary syndrome into two groups, the far-lateral lesion and the medio-lateral lesion. In the far-lateral lesion, there is an ipsilateral facial sensory deficit due to the lesion involving the descending trigeminal spinal tract and its nucleus, as well as sensory deficit of the contralateral lower half of the body due to the involvement of the lateral part of the lateral spinothalamic tract. The ascending trigeminal tract to the thalamus is also injured, resulting in the sensory deficit of the contralateral upper half of A. In the group of Hayakawa's type 1 patients who had sustained sensory deficit of the contralateral leg, especially below the knee (1-a group in Table 2 ), the lateral part of the spinothalamic tract that caused such sustained sensory deficit, was mainly affected (painted area in A). The area surrounded by a broken line shows the presumed lesion at onset.
B. In the group of Hayakawa's type 2 patients who showed persistent sensory deficit of the contralateral face and contralateral upper limbs and body (2-a group in Table 2 ), the center of the lesion was thought to be the medial portion of the lateral spinothalamic tract (painted area in B ) the body and contralateral face.
We detected different patterns of sensory recovery, evident by the topographical differences of the lateral medullary lesions. The patients who had persistent sensory deficit of the contralateral leg, especially below the knee, revealed a lesion in the spinothalamic tract.
In the patient group with persistent sensory deficit of the contralateral face and the contralateral upper limb and body, the center of the lesion appears to involve the crossed ascending spinal tract of the trigeminal nerve and the medial portion of the lateral spinothalamic tract.
Lateral medullary syndrome was initially thought to be due to the occlusion of the Table  2 .
Type of sensory improvement posterior inferior cerebellar artery. However, Fisher et al10) reported that 12 of 16 autopsy patients with lateral medullary syndrome had occlusion of the vertebral artery. Norrving and Cronqvist 11 performed angiography on patients with the syndrome and found that 21 of 32 patients also had occlusion of the vertebral artery , indicating that the most frequent cause of lateral medullary syndrome is the occlusion of the vertebral artery . Fisher et al10) also demonstrated that the vascular supply into the medullar oblongata varies and that the blood into the medulla oblongata is supplied by the arterial branches originating from the posterior inferior cerebellar artery, vertebral artery or the anterior inferior cerebellar artery. Thus, the medullar oblongata is supplied not by a particular artery but by various arterial branches.
In this study, we identified two major patterns of sensory disturbance improvement in lateral medullary syndrome. We propose that the different patterns of recovery from sensory impairment may be due to the variation in blood supply to the medulla oblongata.
